Recent studies have shown that fibroblast cultures from patients with hereditary retinoblastoma have an increased mean radiosensitivity when compared with fibroblasts obtained from normal controls or fibroblasts from the non-hereditary group. 2This observation has been of particular interest because patients with hereditary retinoblastoma, as generally determined by bilateral involvement or a known family history of the disease, subsequently develop second turnours at sites distant from the orbit as well as within the irradiated field following radiotherapy.
We recently studied fibroblast sensitivity to x-irradiation in an infant with bilateral retinoblastoma before and after radiation therapy. Increased sensitivity to x-irradiation and multiple chromosomal abnormalities in conjunctival fibroblast cultures were observed following treatment. Moreover, this patient had an unusually severe clinical response to radiotherapy, with a rapid onset of iris neovascularisation and preretinal fibrovascular proliferation which led to loss of both eyes despite regression of the intraocular tumours.
Case report
The patient, a girl, was found to have large retinoblastomas in the posterior pole of each eye at the age of 5 days. The patient's father had a history of bilateral retinoblastoma which had been treated by enucleation of one eye and radon seed implantation in the other. At the time of initial diagnosis there was 336 group.bmj.com on June 19, 2017 -Published by http://bjo.bmj.com/ Downloaded from Fibroblast radiosensitivity and intraocularfibrovascularproliferation no evidence of intraocular neovascularisation. Bone marrow aspiration and lumbar puncture showed no evidence of tumour cells.
Radiation therapy of both eyes was carried out for a total of 23 treatments over 39 days. A 4 MeV linear accelerator was used, with the patient under anaesthesia with ketamine hydrochloride. Both eyes were treated by anterior and lateral portals with a lens block used on the right eye for the full treatment and on the left eye for the last six days. Initially, 600 rad were given to the lateral fields without anterior supplement. Then the full four fields received the remainder to a total dose of 4600 rad. It was estimated that the right iris with the lens block received a minimum dose of 690 rad to a maximum dose of 2230 rad at the periphery. The retina in that eye received 4600 rad except for a small portion directly posterior to the lens. The left iris received a minimum of 1754 rad to a maximum of 2230 rad, and the retina again received 4600 rad.
Substantial tumour regression was noted soon after radiotherapy. Two weeks after the completion of the treatment course the tumours had regressed to one-quarter of their original size. The patient was examined under anaesthesia at monthly intervals. When examined at age 5 months-14 weeks following completion of radiotherapy-she was found to have extensive iris neovascularisation, partial closure of the filtration angle in each eye, and associated secondary glaucoma. Retinal detachments in each eye were found. No new tumour or recurrence of tumour growth occurred. Because of intractable neovascular glaucoma and pain no evidence of visual function in either eye, enucleation of the left and then the right eye was performed. The patient progressed satisfactorily after the operation without evidence of orbital or distant tumour. Striking shrinkage of the orbital space has occurred, associated with dry conjunctiva sockets. Her gross motor development has been slow.
Materials and methods

RADIOSENSITIVITY STUDIES
Small conjunctival biopsy specimens were obtained at the time of initial examination under anaesthesia and diagnosis (designated B-0821), and at the time of enucleation (following radiotherapy) (designated B-814). Fibroblast cultures were established by methods previously described.4
For survival experiments exponentially growing cells were detached with 0-25% trypsin in calciumfree and magnesium-free Earle's balanced salt solution and seeded at appropriate numbers into triplicate 10 cm diameter Falcon tissue culture dishes containing 10 ml of culture medium. Feeder layers were not used, and the density of cells in these experiments never exceeded 4x 104/dish. Dishes were irradiated 18.hours later (multiplicity=1) at room temperature and ambient atmosphere with a 220 KVp General Electric Maximar unit operated at 15 ma and yielding a dose rate of 80 rad/minute as determined by a Victoreen ionisation chamber. The half-value layer of the beam was 0 5 mm of copper. At least four doses, ranging from 50 to 700 rad, were used per experiment. After irradiation the dishes were returned to the incubator, the medium was changed every five to seven days, and the colonies were fixed and stained after 12 to 21 days. Satellite colony formation was not observed under these conditions. Experiments were scored under a dissecting microscope with colonies composed of 50 or more curve parameters were the Do in rad (inverse of the slope of the straight-line portion of the survival curve) and n (a measure of the magnitude of the shoulder region of the survival curve). They were both derived from a least-squares regression analysis of points above 100 rad.
To eliminate the effects of differences in cell cycle distribution accounting for differences in radiosensitivity in cultures derived from pre-and postradiotherapy biopsies, x-ray survival experiments were performed on density-inhibited plateau phase cultures. Over 90% of cells in these cultures are in the GI phase of the cell cycle. Cultures were grown to confluence and the medium changed daily for three days. Irradiation was done on the fourth day. Cells were subcultured immediately after irradiation. CHROMOSOME STUDIES Logarithmically growing cultures of both the cell lines B-8021 (the preradiation cell line) and B-814 (the postirradiation cell line) were treated with demecolcine (Colcemid) at a final concentration of 0*1 tg/ml and slides were stained with quinacrine mustard (50 ptg/ml) as described previously.5 Well spread and well banded metaphases were photographed with a Leitz Ortholux microscope equipped with an Orthomat camera. The prints were made on Agfa paper.
PATHO LOGY
The eyes were obtained at the time of enucleation and immediately placed in glutaraldehyde-formalin fixative. They were embedded in paraffin, sectioned, and examined by haematoxylin and eosin and periodic acid Schiff stains in accordance with methods previously decribed.
No cytologically viable tumour cells were seen.
Marked iris neovascularisation with closure of the filtration angle was noted (Fig. 3b) . Extensive preretinal fibrovascular membranes were present, with large traction retinal detachments observed. The retina itself showed extensive loss of ganglion cells, as well as marked cystic changes in the inner retinal layers (Fig. 3c) (Fig. 1) and the plateau culture phase DO=85, after immediate subculture (data not shown).
HISTOPATHOLOGY
The histological appearance of both eyes was similar. The residual tumours were limited to several small foci with marked calcification and necrosis (Fig. 3a) . material in the distal half of chromosome 21. M3 is material is added at the end of the long arm. M5 is derived from part of chromosome 7 to which ad-chromosome 9 with the major portion of the short ditional material was added. M4 probably represents arm deleted (9p-) and was observed in eight of 11 virtually the entire chromosome 8 to which additional metaphases. M6 is produced as a translocation be- tween chromosome 18 and the distal half of the long arm chromosome 1. M7 is a small fragment. M6 and M7 were present in seven of the 11 metaphases. Fig. 5 shows a Q-banded based karyotype from B-814. Both markers M3 and M4 were present in seven of 11 metaphases.
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Discussion
The clinical course is consistent with the severe clinical radiation reaction seen in patients with ataxia telangiectasia. Since the second fibroblast biopsy was obtained from an irradiated site, we may speculate that radiation damage may have been accumulated by cells exposed to the first dose which was expressed by the postirradiation survival curve. This accumulation ofx-ray damage may have accounted for the severe clinical reaction and the fact that extreme radiosensitivity was not seen in the preradiation experiments. This finding is consistent with our hypothesis that some patients with hereditary retinoblastoma may have a defect in the repair or accumulation of x-irradiation induced DNA damage which may reflect an underlying hypermutability and predispose to a second neoplasm. When mammalian cells in culture are irradiated and a surviving clone selected from among the survivors, it has the same radiological characteristics as before radiation. Thus this case represents an unusual phenomenon of acquired radiosensitivity. 14 The chromosome aberrations seen in this patient after radiotherapy are consistent with the effects of this agent on cells in vivo and in vitro. It is not known how these chromosomal aberrations relate to the development of the increased in-vitro radiosensitivity seen here. A slight increase in radiationinduced chromosome aberrations has been reported in cells from patients with hereditary retinoblastomas. It is disquieting that these severe chromosomal aberrations exist after radiotherapy for a patient predisposed to radiation-induced malignancy.
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